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(iiia) ®i5'>A°^7MOT5yMgH^J^SS^J#-^8 (;i^t-o 

(iva) (T^^yn^woyy^ jmMn^m^m^i o (ci^-To 

(va) ®i5^>A°ii7«(DT^ y^@H^j§@3^j#-^l 2 fc^To 
(viia) ®^>/N°^7M®T^ym@a^J^ia^J#-^l 4(:i^To 
(b) ©TRF 2 DNAM^ H^-T >^S#:^ >A°i:7Ki bTf^. t hJi^iJIv©^ 
m mXU. ny. #i(tlfitf75:^) (cS3|$t--§>^^MTRF 2 DNA^ 

Hy-r >(7)^^#:. ia^iJ#-^4. 6, 8, 10, 1 2 :S: 1 4 CD T 5 7 MIH 

> A° ^7 ^ ^^j^r ^ ^ t § o 

2^^0J€)TR F 2 DNAlg-a- F ^ > A ^7 « , k h ^jfe®^^ 
MTRF 2DNA^^H^-r >®^M#:XfeoTfe, b h^^^^tl (M^t^, 
3^. #ti»j#J/'=i:<H) S*©if^MTRF 2DNA|§'g-Hp<0®^M 

2^^0^(DTR F 2 DNAlg^ H P< >^M#:^ > A M 0:^^^. 
TRF 2 DNAM-a-Fp^-r >^^#:i5'>Ai^K^n- Ff ^DNA^f#. #^ 

n7tDNA^^i^fci:|g^i^^5':$^-^c»^3i^fc^, 3i^75:^^(c:»Ab, lam 

;lMeK<fcbT^;^$ii-§ ^l^fCj; TR F 2 D N Alg-^ H ^-r >^S#:^ 
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>/^^m^mmT^z.^^ti:'^^ mx\t. mmm. mf^i^^m. curr 

ENT PROTOCOL sn>A°i^ hM. ^^^ti^^l^yn I, 
II. III. ^#^^C^%t : Ausubel,F.M. Short P 

rotocols in MoI.ecular Biology, Thir 
d Edition, John Wiley & Sons, Inc., N 
ew Yo r k&#fil©ili)o 
afe^V^t**;^. 2^^HJ®TR F 2 DNA^-g- F^-f >^M#:3^ > A° MJ^O? 

:^mm(DTRF 2 DNA|§^ H ^ O^S^:^?^ > A° :i7 

itymm. mm) torn, ^mm (m^^^> mm. ^m. ynt!::r>m. 
)vm. -^uom. n;\^m. m^m. ^x>m. u^o^m. ^m. 

^^yX)VTi^>m. ^>if>X;V3}N>M) tOitfcC^^M^T^ ;i i:jJ>^'T^§o 

2. TRF 2 DNAM-^ F^-r >^M#:^>A^K^a— HT^DNA 
2^^0^©TRF 2 DNA^^ H^-T ^^M'^iS' >A^M^3- Hf^DNA 

*^0^(DTRF 2 DNAlg^ Hp^-f >^M#:i5'>Ai7K^r]- H1-^i^S 

3. 5. 7. 9. 1 1 XtS 1 3 ®Vi-rn;^/^©i&SiBM^WT^DNA^^(|^T 
2^^0^®TRF 2 DNAIS^ H^-i' >^M#::^>Ai7M^r3 - FT^DNA 
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-rv-^ffll^TcDNA^-a-^t-^o TRF 2DNAM^H^-r >^^?:^M:^ (63 

H^-f >^^nmm^n~\iT^DNA-i^m^o m^m hm2 © dna m-^ 

hTRF2 ® DNA H >^M^i5^ > A° ^7 M ^ 3 - F T ^ D N A hTRF2 © 

^^tiZ^ra^mT^^tfi^'V^^o ^M^ii-fe hTRF2 <D DNA^-^ F^-f XJD 

dM^^ F;><-r >^M#i5^>A°^M^3— Ft"§DNATafe^oiH^J#-^2 ®T 
^ y ^SH^iJfr *5 ViT> 10 <4® U >- >7&i e. T;i/^r: >^®®m/&i75: $ tlT ^ T 
^ y ^SH^iJ ^ ^ ^ > /I M * 3 — F T ^ D N A (D ^t^iB^J (D — M ^ iBM# 

^ ® gm'?^)^Yd; $ nr § T 5 y MIB^iJ ^ Wt" ^ 3^ > /N° M ^ n — F -r ^ D N A 

<Dr5.ymmmz^v^x. 59iiL(Dy)v^=.>t>Bv zy>^(Dmmif}^r^-^nxv^ 

§ T 5 y MMB^J ^ ^ ^7 K ^ a — F t" ^ D N A (DitSIH^J © — M S IS 

9 f;:^t"c mmm^2(Drs. ymmm\z:^\,^x. lo mo vi^y-^^^yjv 

mia^J & ^ iS^ > A ^ g ^ n — F f ^ D N A (D JiM^J o — M ^ i3^J#^ 1 

^®Mm:2^a?47f4(DT9r:>/&iS-feu >^©gm/&^Vcj:$nTv^§T5 y ^gaa^ij 
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3. mm^^i7^~ 

^mMOTRF 2 DNA^-a- H ^ >^S#:i$' > A° ^ K ^ H - Hf^DNA 
^^mT^UmX^^^-}t. ^jk^<D:^m m^^t. Molecular Cloning2nd 
Edition, J. Sambrook et al. , Cold Spring Harbor Lab. Press, 1989 fdSHlc 

mm^^^-hVT\t. :kmmm^(Dy''^7.^ ]^ cm. pbr 3 2 2, pb 

R325, PUC12, PUC13). F (M. pUB 1 

10, pTP5, pci94), mmm^^^:^5. h m. p sh i 9, p sh 

yTJP^-yrj'^^:^^^^). pET CBD Fusion System 34b-38b (Novagen tfc) . 
pET Dsb Fusion Systems 39b and 40b (Novagen ^fc) , pET GST Fusion System 41 
and 42 (Novagen th) f^^^m^lr^^hfj^'V^^o 

4. mmmm^ 

^^mT^mm^^^^-^m±izmAT^^t\zxx). mm^m^^%^^ 
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mfj:^). mmmm m^it. m-&. Tx^;i/^;!/xfc5:^). m^mm 
S2mm. simmr^^). mmmm m^u. mmm. cos mm. ueiamm. cm 
mm. 313^1^^ BHKMJia. EBUQsmmr^^). mmmmtji^^m^T^^ti)^ 

mm^^^^-^m^E\zmAT^iz\t. Molecular Cloning2nd Edition, J. 
Sambrook et al. , Cold Spring Harbor Lab. Press, 1989 izfd,^(D^^ (MA. 

NAM^H^'1'>^M^iS^>A^K$^ilb, MMTn«^J;Vio TRF2DN 

A^# ]^ >^m^^ >/'^^m'^mM^m-^nrcmmp^\zm^'^n^m^iz 

m^^m:sLnmmvrcmz. Pactorxa-^^^ (x>5"n^:^-if) mm^T^ 
^hiz^v)^ m(D^>/^^m^mm\^. ss^^-r §trf 2DNA^'a-H^-r 
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f3:a(Dmmm^mm'r^-:^i^. mmm. m^^mm. ^,kzssD 

i7u^h ^^yy4-f3:E(D!i^mmmm^^mm-r^:^m. mmmmmi^^u^ 
h ^^y ^ -f3:^(Dm7m(Dm^mmir^:^m. mmj^smmi^mmtjiacDmm 

^mt. 'ISffl(D:7°n hn— ;i/Sffiv^T, *^^(DT r f 2 dn Aj^-g- Hp^-i' > 
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m)f&. rjvn—jvttm^^ mmM^m^^i^. mm.^^%mm. -xrty^mmz 

^u — ±)V^m-^. Nature (1975) 256: 495. Science (1980) 208: 692- 
^CtB^^tlTVi^, G. Koehler C. Milstein ©A-f ^'^U H — v^fc J: Df^ 

x\t^(Dmtwmm\zKmT^f)^. moD^nm^yn^ntitmMmiz^mRm 

-:^m^^^i¥mT^^m\'i. ^Bl^ft^^ 4, 946, 778 -^fClBm^tlTV^^o 
t h -fb in; #: ^ S T ^ S ?i . Biotechnology 10, 1121- 1992; 
Biotechnology 10, 169- 1992 icSE^^nxv^^o 

6. TRF 2DNAi^^\^^^>mmi^i^>/^^M:BLXS^(Dm.<Dmm 

^^t-mx^^o TRF 2(DJ:>NA^(D^^m^rj:<1rt. ^-fbi^T^ h — 

7. f)^M^^^h-^^t)-^^-oX\^>^ Urlsedev, L, Smogorzewska, A. & de Lange, 
T. Senesecence induced by altered telomere state, not telomere loss. 
Science 2%, 2446-2449. (2002) ; Smogorzewska, A. & de Lange, T. Different 
telomere damage signaling pathways in human and mouse cells, EMBO J. 21, 
4338-4348. (2002) ; Kalseder. J.. Broccoli, D. , Dai. Y. , Hardy. S. & de Lange, 
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T. p53- and ATM-dependent apoptosis induced by telomeres lacking TRF2. 
Scieiicel%%, 1321-1325. (1999)) ©T. 2^^hJ(DTR F 2 DNAM-a- F^-T > 

^z.^^'-t ^^^\z.\^. TRF 2 dnaM-o- Y:^^y'^m^^>n^wx\%t(o 

7. TRF 2 DNAJ^-g- H^-r >^M#:i5'>A^M^^tf^>A^K 

ts^>/t^m:Rn^(Dm^mm'ir^o trf 2DNAM^Hp^-r >^s#:iS^> 

rc%(D^m^ir^z.tf}^'v^^o m^m\i ftrf 2 (Dm.^M^mu7 ^ ym. 
@s^j^^n^^nss^j#-^ 1 5:si.m eiz^to ia^j#-^i 6(D7 5. ymmmiz 

:feViT. 1 'fei^&^e) 45 feST^:^m5^©:^S'f4 46 5. 245 {i^TyO^*'!' 

^(D TRF S'fb Fp<-1' >. 438'(a/&^e) 500 {4ST;0^^D N A^-^ F^-f > 
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438 iiL(D^')V^ ^>m.i!}^^ 500 A^^>ST®ifitT^§o ia^!J#^ 2 

mmn i e y ^@H^(J{;r*3tj-^ 447, 471, 484 AZS 496 iicDy ^ y M^miz 

xs^(Dm.\t. ok^cDz^mzjz'oxmM't^^it^^x'^^o mxit. trf2d 

N A^-^ H p< -r >^M#i$' > A° ^7 K tr i$7 > A° /7 ® § n - H 1" § D N A 

# B tifdD N A ^ 51^ fcs:^ii^ ^ - izm^^/ufcm. mmr^m^izmx l . 
mm^mBm:tvx^m-^'it^:ih\z^y). trf 2DNAM'&F^-r 

Sf^^^lR, CURRENT P ROTOCOL S 3>Ai7 hM, 
m^^U I . IL III. 5tL»*^^^a : Au s u b e 1 . F. 

M. Short Protocols in Molecular B 

iology. Third Edition, John Wiley & 
Sons, Inc., New Y o r k il ^i) o 

c^^V^tSSfe. *^0J©TR F 2 DNA^-a- H^-Y >^M#^i5^>A°i7K&^ 

mm. u>m> :^'fb7fcmm. ^m) tcom.. mmm m^it. mm. ^m. ^ 
wm. ^Mmm. }^^>7.}V:^>m> ^>^>:^)v^>m) tomfsia^mm 
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(DUWi^^^imT^^h-fyt-V^^o TRF 2 (DDNA^(D^'^m^f3i<-r:ii. ^ 
<\:-^T-^h — i^:^-fy^m^^:it-^^t>f)^'DX\/^^KaT\sedeT, J., Smogorzewska, 
A. & de Lange, T. Senesecence induced by altered telomere state, not 
telomere loss. Science 295, 2446-2449. (2002) ; Smogorzewska, A. & de Lange, 
T. Different telomere damage signaling pathways in human and mouse cells, 
FMOf. 21. 4338-4348. (2002) ; Kalseder, J., Broccoli, D. . Dai, Y. , Hardy, 
S. & de Lange, T. p53- and ATM-dependent apoptosis induced by telomeres 
lacking TRF2. Science 2S^, 1321-1325. (1999) ) *^5goDT R F 2 D N 

^ > A- ^ M «_hfE © ® D T ^ ^ o 
8. 5^n^yDNA^^#: 

^mmo^'^U^rUNAmmi^tVXlit. ^T<D (ib)~ (lilb) ©DNA^M 
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(ib) IHM#-^1 7 ®ii:^@H^'Ji-43ViT. 3 #a © T e> G '\CD«m/O^Yj:$ tlT 

§ It^SHM ^ # t* ^ D N A c 
(lib) @H^J#-^ 1 7 ®i^»iH^iJ(C*5ViT. 7 #@ (D G /^>^ e> C ^ODtt^/0^Yd;$n 

(iiib) @B^J#-^ 1 7 ®M*@3^JfJ:43ViT. 9#a(D T 3«)^e> G^©SM^^Yj:$n 
T -5 igSSH^J & W f § D N A o 

(ib) ©DNA®:^SiB^J^@B^J#^ 1 9 IZ^To 

(iib) 0DDNA®:^Sia^J^iB^iJ#-#2 0 f^I^-To 

(iiib) <DDNA<DMSB3^J^Ba^J#-^2 1 iz^To 

a\ TfJ|R<DDNA'&^rK^^^ViT'&^[g-r^;i<h;O^^T#^o 

yn^m. trfl 'mlf^^)<Dmmmm\z%m'^^z.hi:fix^^. ^;^c 

^ 2^^?^©T-np<yDNA^M#:tS. 5^n^Ti5^>A°i^« m%.\-l. TRFK TRF2 

9. TRF 2DNA^'&H^-f >^M#:i5'>A°^KXJ*M^^#::^>A°^M^ 
'a-ti' M D N A i ®m'a-#: 
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> A° ^ S ^-a-t? ^ >7\° K i D N A ,h o 
2^^0J(D^^#:&?]^^-r >A-^K«. ^T© (a) < ta; (b) R F 2 

D N A|g^ H ^ -r >^S#:i57 > A° ^ KX«M^m#:r$^ ^ K ^^t^ ^ 

(a) iB^!l#^2 (DT$ y miH^J(-*5ViT, 10 U e> T;V^- 
34'6L(DT^:i:>:0^e)iz:U >'\®»m^ 47 {4® T ^:::>/&^ U >'\(D«m:S.D^' 

(b) (a) ©iS'^A-^McOT^ yMBB^JfC:j3V^T. 10f4(DT5/^. S. J 

mmmv<\tmu-^nrcy^ymMn^^v. -^^-Db' -ttaggg-3' 

(a)®TRF 2DNA^'&H^-r>^M#:i5'>A°^M<hbTtS, BH3?iJ#^ 4 . 
6. 8, 10. 1 2:&n^^l 4(DT5y^iH^iJ^Wr'g)i5^>A°^K^^!j^f ^il 

(a) ®TR F 2 DNA^-^ F ^ >^M#:i5^ > A° ^ K ^-^tf >A^Ki: b 
if^MTRF 2 (C*3ViT> D N Ai^-a- H P< ^ >'®«5&^^iB^J#-^ 4 . 6. 

^m^-r^ ^ t^^-Ti^^^o m^m\i htr f 2 (dt ^ y mMm^mm^n 1 e 

^C:^1-o B3^J#-^ 1 6 y Mi3^J(^:feV^>T, Glu438/&^ e)Asn5OO^l?50^D N 

A|g^ F y ^ >M:^T § o 
*^0J®m'&#:^?^^-r^DNAtbTfS, 5' -TTAGGG-3' T^^n^lB^U 

asi^^DNA^#^f § ^li^o^^T^^o 5* -ttaggg-3' TS$n§SB 

^Jtr#^^-ae.ii•^DNA<^:bT^l. £AT®iB^J^Wt"^ DNA ^M^T^^.^: 
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trl3: 5' -GTTAGGGTTAGGG-3' (@H^'J#^ 1 7 ) /5' - CCCTAACCCTAAC - 3' (S2 
18) 

S -n # ® # J5fe Biacore (Biamolecular interaction Analysis Core 
technology) (BiacoreS:) J; D li^^t"^ t/O^^T^ ^„ m^U. :^mm 

©TR F 2 DNAlg-ar F P< >^Sf*^ > A° ^ SM^^f*:^ > A° K 

SPR (Surface Plasmon Resonance) >'i^:J-;Pi bxMffi b^ ^1 © v'ii^:^;p©SBf 
ii^fCckD, KDfii^^j?)^ ^:<h/O^^T^§o KdM:^^\ l O'^J^T. $f^b<« 

10. 7.^ v~-:=->'^^':&m 

X}*MH><-f >^#tiiS'>A°^^/&>\ 10<4®U->>. 34{4©T^n>. 47 {4© 
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5' -TTAGGG-3' TS$n§iB^J^^t?— S e.ii■^D N A(D#ffiTT. E^J## 
^>A°^M:0^ 10fi<DU>'>. 34^©r^r:>, 47 ^©y ^r:>^tJ? 59 ^(D 

%K<h^@s:f^ffi-r§7:)^?5/&^^^^if bTfejcvio 5' -ttaggg-3' xm-^n^mm 

^^t^-*e>ii•^DNAt bT«. i^AToSB^J^^-r^ DNA ^M^T^^t^^ 
trlS: 5' -GTTAGGGTTAGGG-3' (iS^!l#-^ 1 7 ) /5' - CCCTAACCCTAAC - 3 ' (@H 

mm^ 1 8 ) 

@H?iJ#-^ 2 COT 5 y ^IH^iJ^ § T RF2DNA|§'a-Hy'f>Xt^MFy 

T> i^^#jM<i:*ssf^ffiT§50^s;^)^^j^iif-r§fc«. xii^^;^jt^*if . mm 
(NMR). ^^"f-iBimfsi^cDiLi^immmm. mi^mwm^mi^mtimm 

TR F 2 DNA^^H^^ >(DA^mm\zMT ^^M(Dmm(D^mmn ^(D^ 

:^mm^?>-^^^(Dmmmiz^\,^xm^'r^ii hTR f 2 (D±i^mBt<Dm 

T-ny TDNAiTRF 2 (D'^^^mmf ^ ^ ti)^x^ ^!i^M\t. mm<Dm 

^)-::z>-^:ljmz^y). •7^nyTDNA^TRF2 tO^m^^^mmt^^^i^^ 
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mmm: 

Vic 

hTRF2 (D DNA \^ >^^t^mm (hTRF2DBD : N ^l^iz Met ^^maVTc 
Glu438 AsnSOO) ^: DNA i:©^'&#:cDa3t^ NMR ^ffl V^T^^bTto 

>A°^K hTRF2DBD \t±mmi^mmmmiz^ v isn ^r^u m/uc ^^jultc^ 

DNA iKDm-^i^cDmrn^mizm^^^^nrcmm tria : 5' -gttagggttaggg-3' 
v^ifeo y ~ hm^i^(Dmmx\t^n^n 910 1 1412 ® noes ^^miz^v 4 
o(^iSH (1. 8-3. 0. 2.3-4.0. 2. 3-5. o> 2,z-Q.Q)\z^n^n:^nrco Mmmm. 

« ^JHNq!<5. 5Hz IzMVX-QO" <<}><-A0'' . 3JHNq!>8. 5Hz izM\^X-m° < 

(f><-80° \zvrzo yv-<Dmm\-±mmmmf)^ 0.^ :t->^'x hn-Ai^^T, n 
mmuf}^ 5° uT^mr^iy.mBmiz^m(Dtii\,mmf)^^%^ h-hx^^-jv^-cD 

fftVi 25 WKDrnM^MAjfCo Sfe. ii^#:©tf-#-T:« DNA ®0JPS<hbT Watson 
- Crick ©:^S^®7Km^'a-®0JISj5^' GC m^mx rG,N,)-c(N3) = 2. 95±0. 2 ::r>^ 
Xhn-A, rG(N2)-c(02) = 2. 86±0. 2 :t>i7'x h n-A, rG(06)-c(N4) = 2. 91±0. 2 
:t>i^^X hn-A23:t)^^TAi^SrBlTrA(N6)-T<04) = 2. 95±0. 2 :t ^iJ^X h n-i>,, and 
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rA(Ni)-T(N3) = 2. 82 + 0. 2 :^>^'^X hP — Afcb. M^mUthX A m:^ZS B McD 
DNA ^mrc'tmm'V a = -65±50° , /3 = 180±50° , r = 60±50° . e = 
180±50° , C = -85±50° Kl^Tco J^±®^#*fflViT CNS (crystal lography 
and NMR systeni;Yale Universi tyXT^Bfh^^ff J'J::? 

mmzmmmm^f)^ 0.3 :t>^^xhu-A)^T. Mmum-^^ 5° }^T^mrcv. 

hTRF2 (D DNA ^-g- F p< XDmm 

$ nfe hTRF2 (D DNA l^-a- F ^ > ^^^tf N iz Me t -^^itia V Glu438 
6 Asn500 (hTRF2DBD) <7) 25 MomM^ Fig2 (a) fC^D^Co hTRF2DBD 
J^^tcM^r^iil^ ® rmsd backbone 7? 0. 34±0. 05 ^>i^7^Xhn — A, All 
heavy atoms T 0. 82±0. 06 :t >i5^'7. h n— A. Tc-dTzo hTRFl ®«3git3;^U 

^7 X e. ys:ntT»2^^ijt <h ^ ^ iwi c T 25 

D> Trp450> Val458> Leu462> Trp47G, Leu474. Phe479, Ile487^ Trp49K Met494 
fe. m7K^i(DOiy(Dl^t^lz Glu453 t Arg482. Ser454 i: Arg490 ^^^m^^oK D 

hTRF2DBD i DNA (Dm^^^o^mM 

■m-^i^omMM^izm^^fc: DNA «JJJ^t&#^$nfc MRFI h DNA <t<D^-a#:0D« 
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mizmm-^nr^tin : 5' -gttagggttaggg-3' /5' -cccattcccattc-3' ^ 
mrnvfcio hTRFi mm tris \z hTRF2 ^^i^^-v^ ^•^^mmt^rc^ nmr \z 
^^m^Mm^^fft^'Drco dna izMhx^yn^^m^Ti^^-Dr^ii^^ Iitrfi 

mm 1:1 ThTRF2DBD/&^^M^t-^^t30^^t>j0^ofeo ^ilTDNA <hi$' >A°^ ©Irb^ 

1:1 izfsi^^^izun^mi^v nmr 20 M^^-a-^roDisB^i^^bfc 

(Fig2(b))o hTRF2DBD t trl3 ®ffi'&#:®^3t^l^±^M^JcM-r-5M'^ 
msd backbone T 0. 51 ±0. 11 :t>^7.hu — A , All heavy atoms T 0. 68 
+ 0.09 -rafeofco m'a-'f*l^®r$^>/^^®a?ttl:7 U-®«jgf:iMbT«3t^'fb 
«fj;<. ^feDNAfe bendingfcC^w^^b^^^cKJ&^ofeo 

^-^^^^fc^D^t^ DNA (Dmm 

U^mzmf^ hTRF2DBD (D DNA (DlIiioa^H^l FigS (a) fC^bfeo hTRFZDBD 
\-AmkliZ±mizMV^mB(D^V y^7.-fym<\t^ri, Asp489 ^U7' . C8' ^ 
Lys488 A4 G5 ^fii^bTV^-g)o ^7t. Ala484. Val485 <h T3 

S;^^^j^7jce<J^cJ:^aS#ffl^bTVi^o SfeMet486 ^ Val485 © Arg489 

®^5^i/>siC7' . C8' (Dm.^tcT (Dmm'vm7K^(Dmm'^mf)^^^o ^ 

(Dm\z Tlir493 ® ^ A5 ' ®iSMi:jt7jc^/j:1=BSf^ffi feSt^^T^^o S'J« 

(c:feViTtt Lys447 J^>n9 ^fet* A6' ^^ilbTV^^o i^S^cDH^WJ^ 
SSii©ffi(c Trp450. Trp470. Ala47K Lys488^ Arg490. Arg492 /^^^ DNA © U >^ 
^^^m^T^^t-V DNA i®>ffiSf^ffl^irtit:ibTVi^o ^ © J: 5 fcC DNA ^ 
®M«^«^^Tfg^$nTVi§5!jN^:t H^-f >^ liTRFl <t ©li^^/^j: 
J,e>n^o hTRFl .hfilBia© DNA@H^(J^^,llb. ^fe DNA Hp^-T >© 

(Fig3 (b))o 
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hTRFl (h liTRF2 © DNA '\®lf.l^(DmVio 
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hTRFl (Arg378-Leu430) i liTRF2 (Thr445 - Leu497) © DNA Hp^-T >MJ|^T© 
^Bl^ttJ* identity 59%, similarity Tl^J 70%Tv^^}^]SV^o ^Tc. 

1^/0^4 D.hTRF2fc43V^T Lys447. Ala47K Ala484, Arg496 

Tab^o V^-^V. 4^^©jgVifCcfcoT. DNA'\©^75:^^^>^^<D^'fb^*;^ 
< , ^(D 4 B»^^©T5 DNA liTRFl L±< mi^T^^-DTco 

^<D A m^\t liTRFl -C\t^n^n kxgm. Sexm. Ser417. Lys429 ^ „ hTRF2 

Lys447 « DNA ©S'J^SfCAD T9 ^II^bTV^^o hTRFl © Arg380 felWItlfc 

19 ^mmvx\^^^-fy^. m\zk6' %mmizmmiyX^^^o ^tc. hTRF2©Aia47i 

(D^mo) NH « T3 (DV >m^m^\^X^^^o ^rz. Ala484 ®#J^©^5^;««T3 
©^5^;i/S^i^7jC'I4©^@Sf^ffi^bTVi^o hTRFl Tti;i<D 2 r^^BSH Ser 
(C^*:>"3T:feD> Ala471 tc^a^f^ Ser404 ©^^©^^«|WI DTa&^j^^ 
*)U >mS^®Mi^^bT*5D,Ser417 Tfe Ala484 |WI^{Ci^7jC'I4©^@S{'^ffl © 
U >m»^©^^55^*5SflT#;rc: (Fig. 5) o ^Tc. Arg496 « hTRF2 T« DNA 
^©ffiS#fflt^||#bT:fe^-r> hTRFl © Lys429 « T4' © U >I^S^iIii bT 

v^^/O^ ls^ilbTVi§a^t^s¥^^c^>^tfcfci:Vi;l^>^)^s DNA©M^^5^^^^ 

#bT7^Vi©T^SJ^Vi;6^i:#^e)n^ohTRF2 H hTRFl <t 4 -^(DT 5. /Mizm^ 
f}^$>^:zhxm^. 7Km^^(DWcf)^{}>rji\,^o il©;i<i:;6^e. hTRF2 J^hTRFl J;D 

ii^tt j&^^n ^^^h -fy^^m ^n^o 

DNA'x© affinity ^^If 

DNA fS^f;: 43 V^T hTRFl tMo A-^cDT ^ y MizMhT h.mi hmi:'izr^^ <ko 
\zmm^^f^^V.mU type i:©BVi§»|^;^o^M#« K447R. A471S.A484S, 
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R496K, ani(K447R. A471S. A484S. R496K) . dm(A471S. A484S) CD 6 ^^f^^fgUfco 

s-f. ^(D^mmzMvm-v tin \z.Mt^m^mm^n:^-or^o ^m^mz. 

M-r^m^mmo) DNA O-i ^ F:/n hXDX^^ h)V(Dl^^h wild type t(D 
it^zyy h(Dm^ Fig6 \Z^vrco. Fig6 (a) (DT.^-^ h)V\zl,-^^^ 5 y :/D h > 

G7.T8,T9 \Zj^^Umit-^^M,Bnr:Lo Z.(DZ:t-^^B. S'JPfCA^ Lys447 ^ Arg 

DNA ^ CD illP t4 <H © J; -5 75:a § ii ^ § 7t {;i af f i n i ty lim ^ ^® y 
^X-^^fli (Surface plasmon resonance ; SPR) &^oTfT^ci:ofeo 

ST. hTRF2WT CD trl3(5' -GTTAGGGTTAGGG-3 ' ) ^ ©^f il^^ (KD) « lOmM 
HEPES-KOH pH6. 8, SmMEDTA, I8O111MKCI, 0. 003% (v/v) X-100 KD= (7. 48± 

0. 2i)xio-^M -v^^Tco :k\z!i^mmmmzm.t)nx\^^^m.M^^^rz3^(D 

DNA ; T3^G3 (T3G) , G7^C7 (G7C) , T9^G9 {I9Q) iZ^oly^X %mm(Dmm^nrj:'D 
Tzo "to^m^ T3G ;.KD= (5. 94 + 0. 24) x lO'^M. G7C ; KD= (5. 33±0. 88) X lO'^M, 
T9G ; KD=(1. 10±0. 06) XIO'^M T$)tpfc (g2)<. T9G ® KD trl3 izlt^ 100 

mu±. iz^\^>z.tt^B. m\zmmfs:mmx^^z.^i!)^t)f)-^^o ^r^mmo:>m 

hTRF2 ®#^M#:^^oT|W|^#Tff fj:^;ti^5,R496K ^P^<^S#:« 

WT \zit^mmi-t7^^±'^^^r:iomizA-z)<D^m^Arirc am«wT izit^mim im; 

KD=(1. 96±0. 09) XIO-^M) 'fe^fnttJ^^^iSV^c *fc#^M#:-e« K447R ; KD= (2. 97 
±0. 18) X lO-^M. A471S ; KD= (4. 82 ±0. 20) X lO'^M, A484S ; KD= (5. 50 ±0. 17) X 
10-7M, R496K ; KD= (7. 64 + 0. 21) X lO'^M X^ D . T9 ^Mil^T § K447R (D^fPtt 

f)mo:)mmi^\zit^X'M^-^^tij^t)f)^^o ^(DZihii^(b ^ ^t^(DmM\z%iT ^ 
mmffi DNA H ^-r DNA ^(omMmzi^^ < ^-^bX^S D . hTRF2 f)^ Lys 

T3G. G7C, j9GizMvxhmmr^mm^^rfji'Drci^^^7dG\-±tiu\z^h^mM 
mizKdfjmim. T9G\tm mmM<f3:^xi^^o v-^^v. Gicx^tmizit^ 
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K447R (D^t^ KD m.m&<f^^U}i. T3G -f^ T9G t.^^^^iz(Omm(Dmm^ 
SJfeoTVi^oGTC T^a: C7' /&^^ G fC^t)oT:i3D.C7' ^mWcT ^ k^H^^ ffi Mk 

mk^(Dmmifi^^mm\zni^x\^^ t.^iDM. T9G^®Mfn'i4«G7c \z^^ 
lofgfeiiv^/^t^^st DNA©KDM(^mv^« tri3.T3G hmnmzw\^m\^^^ 

■tim^'r±^ <m-^x\^:^ i^m^fDn^o :i<D^ht>^^ }i ^i^(Dwm^<Dmm 
-^^mk^cDm^wmzi^^fjimm^-^xxi^^^^Lht^m^nrco 

^rcnU(Dmm^ MRFI fcoViTfe|PI##T:fe;i75;o;^o hTRFl \t tria ^(D 

mm^m^KQ=(i. 86±o. oe) xio-^mt. uh/uE m chiwicfit^^bTco 

3 ^'J :i7X/^>^^^U • :^-> • (HTH) ^mmh. H#S®^U 

^ scRaplp f;:SI^*^-:7^feofei^-:/H>-r >/0^^^^#ftb. 
:^^'5iirabT DNA ^mmir^^oy^. ^'Tmx^^'e^'i^—'p^'ru^^^ — ^ 
?^^bT DNA ^ifM-r^^tX. m^^\X^^m.^mm(DM^:fy^}Kf}^K) . 

^^>/'^^Mf)^mk hm:s:i^mx^^mm-^^:k^<f3:r} dna izM-r^mmm^ 
(Di/^K-Dfjm HTH 'e9—y(DUf)^z N tNj^^ c ^^(Dr-2^%m.mm^m\zm 

#bTVi^feje)^ tl^|gfflj&^*l?l 7-10 i^S^t^^feD. DNA i®^M®«>J!£<. 
1 ^© ><D^T DNA {C^-a-T^^o hTRFl hTRF2 tS^W^-T DNA 

-g-f^/^/^DNA ^^i^' >A'i;7KrBl®;fgSf^ffiJSfd: < 1 -c^© DNA Hp^^ >¥Sl 
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T DNA (;i^^T^§o iin\tT^^^\^^-c>mmz n ^mo^r-j^njt dna 

Fy<^ >JA, aa:^^®±^^ ArgjO^^giJjt® TA ^S^M^^bTV^ MATal 
T « Lys /O^m^ b T § MATa 1 .t MAT a 2 « DNA i: ^ 5^ n y-r v - ^ ^^rfe b . 

DNA (Dm}:'mt^^m^^'Drc^m\z.mm^v ^y^:^-^mc:^\^^\^< ^z)izi^ 

^-t^^ht^^. 1 -ZXD DNA^-^^5^-:7#^T®^-^'Z?^lfj:VioLys fcirb^ Arg 

Btfcii^m?^^ (D.Tift viffifpttT DNA ^fgiiT^'g.o ^Tc. m^i$^x^<DmmM 

|lf7&^Vj:$nTVi;^cj;Vi3js^:t H^-r >T*) 5 #@0 Arg \t^< UW^tlXl^^^ Z. 

NMR SPR hTRF2 «Sm& Lys TMilT^feJe)^:: hTRFl J; D DNA 

\zMVxmm^-^^m\^^^ t-^^-t>^^^o ^tHzlJaXX Ala471 ^ Ala484 "r^ffiS 
f^ffi« hTRFl f^i:b^T7jc^|§-g-(D^t>^f>/j:V^(D7?.hTRFl J; D DNA izMl^XM 
mV^^KtSi-oXl^x^o 

Biological Implication 

hTRFl t hTRF2 \t C tN^Jc Myb H ^ -f jIs^ 2 DNA iz^^T^o 

f}^ V. uyh ]^ ^-^ >m±-^mmm\z^^t^ (Dx\tt£< . i-zxDmh n^-i-^ 

^I^T/^'&T^o ^© hTRFl <h hTRF2 (D Myb H ^-f >0Dl:@|WI'14«#^S(clft < . 
^lfiI®aM=&f®M^ hTRFl <h hTRF2 © DNA e>;^j;Vi ;i 

<h:^^t)y?)^-:3rco Vt^V. Jj^t 2 hTRFl CD 2 ^(Z)My b F^-r 

•7^ n p< T SB^iJ {;i ^^t" ^ tt T ttfj: < > Sinfc 5^ n ^ r E^j ^-a- b D N A & 
ft&f§;ii/?>Mn vitoro T#g^$nTVi:g>o hn¥2 \z}t^(D^^rj:m^m^\t 
fcKV^o hTRF2 3' ^m^mo 1 TTAGGG (Dmm^^ 1 :3T'fe^n«^ 2 2^ 

mt i^m<D^^mii:iz$>^ 2^mm\z^^v'^'r<rji^^t^m^-^nx^^ 
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§o*/t^t-loop «3tP*gT« D-loop IZ TRF2 «M-^-r§ i: 'fe^^^nxVi^o 
hTRF2 0Myb \^ >\t^M(DMm(D^M. hTRFl |fl:fi{:i 3' ^lii^1^<DT&m&. 

hTRF2 (Dm^miL-^^ 3' mm^mizm-Dxi,^^ :i tt^-B. i m. mrfi iri^^c 2 

2^m-7^n^yiB^iJfcM-^Lfe hTRF2 «hRapl ^Mrell complex fj: <i:® hTRF2 
(DTciblZltt hTRFl © J; -5 f;:3SVi»n'|4-e DNA Jclg-a-T-g) ®T«7d; < , liViiM^n 

^ >/N° KS:«A(DiiM 

TRF2^SC0DNA^ n - F T§ ^ ^ X 5 H J;!^ b40mX;0^ 6 fj: -2) TRF2-DBD^ n - 
FT^DNA^y^-i- x'-^S' #1. 3' #J^ffl«b. PCR>^{3:cfc DTRF2-DBD^'fi$ 
3- FT^DNA^Jii|rib;^Co iiifibi^DNA^NdeL EcoRITM|5S^mMSL, pET23b 
^^^7^ — t-^>fb^-r^^-->3 #e>nfe^^iS7-^:^MMBL21 (DE3) h 

±f3®2aiM®y^-r V — (D^5;^^c^^#:g|5{4®T5 y M^3— H bfe 

#j. 3' m^mMvrco mmi^^mz^v^' mtz' m(D2^^ 
m ^ \z?cR-^-cmm vr^o # e> nfc 22^ ® dna t TRF2-DBDgM4 © 5 ' mtz' m ® y' 

^-r V — Sr^ifPCRT^iilir^ H bycTRF2-DBD (D 

DNA/Oq#e>n^o #&nfeDNA{:i^tbTRF2-DBD|wI#fcMI^#m, ^^y-->3> 
Ma^ff;^d:oT^^^i^7^-^#fco #6n;t^^i5''-«BL21 (DE3) iZh^>7. 
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K447R«5'#JO^. R496K«3' M^^Ta^^o 

TRF2DBD 

5' -ggtctcgcatatggaagacagtacaaccaatataac-3' (B3^J#-^2 2) 
5'-gcgggaattctcagttcatgccaagtcttttc-3' (@HM#-^2 3) 

TRF2DBD(A471S) 

5' -ggaaactggtct.gccatttGtaaaaat-3' 
5 ' -agaaatggcagaccagt t tcct tcccc-3 * 

TRF2DBD (A483S) 

5' -aaccgaacatctgtgatgattaaggat-3' 
5' -aatcatcacagatgttcggttaacaaa-3' 

TRF2DBD (K447R) 

5' -ggtctcgcatatggaagacagtacaaccaatataacaaaaaggcagaagtgg-3' (iB^J#-^ 
2 8) 

TRF2DBD (R496K) 

5' -ggaattctcagttcatgccaagttttttcatggtccg-5' (iH^!l#-^ 2 9 ) 

TRF2(DDNA|g^ H^-f > (hTRF2-DBD : N5Ni^^cMet;0H^f^J^ b feGlu438/$)^ AsnSOO 
^TCDT^ y miB^J) ]S^a?#^^#:&>^MMBL21(DE3)*(Novagen) iZ^\,^X 
pET23b^^i§^-S:fflViTM^m^$-&:feo MJI§S37'C bfeo ODeoo^^^O. 5~ 
0. QlzmiyTc^^. ImM^-r V^O t°;i'-l-5^:t-i8-D-:^^^i^ ht'^/v-F (IPTG) 
^»nbT. 25*CT:^>A'i^K^^^^#b7to $ e.fC 3NprBlig«bfet^. M 
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m^mUl^. n^yr— (50niMU>M:^U'^A;t^^:7T— (pH7. O). SmM EDTA. 

loomM Naci) ^ \znmm\^r^o n^^uw^o^t!!^. ' wi (o. i5%) iblxs/-x\% pc] - 

if)Vn—7. (0. 2%) ^#W-r§M9S/ht§ifi^ffl Vifco TRF2-DBD^i^i,T®*Hm#|llM 

^^n-/ :7 T- (SOmMU >m:^/ U "^AA^y yy—Wl. 0) . SmMEDTA. lOOmMNaCl) 
TT^^fbUfeU >M-fe;i/n— X (pll. Whatman) ^ A fen— H 150mM> 200iiiM 

L . 3kDa tJ V hJf:7)^^WT^ centriprep (Amicon) X \t Vivaspin 
(VIVASCIENCE) ^fflV^Tit^U. #:^^2iiiL]^ATfC bfec ®1t A' :7 
T— (50mMU>^;^JU'^A;X^y:7T-(pH7. 0). 5mM EDTA. 300mM KCl) T^^'fb 
b:^^';i-i«3^i7'^A (Superdex 30; Pharmacia) fcT:7°^-r U;^o 1J->>'°;KD|1I 
^<hM^«MALDI-TOFK«:5:^*fffe3§ttXmm^»i}:i^ Dffo;^Co 

**:^M'rfflVi^:tU rf^^:? U :t ^ Y y ^ ^ > h 
(5' -GTTAGGGTTAGGG-3' ) (BH^J#-# 1 7.) tiBex Co. Ltd (0 2^) /?)^e.MAb 
7to -fi^>i±^®#m^^A^y (50mMU U (pH7. 0) , ImM EDTA. 

150mM KCl) 4'-e^^;i/i:bT^^b. 95*C50^ S^M^Tt^o < D iiJ^j^T^Ci: 
fcj; Tn-;Pbfeo c:®i^->>^;i/^;t-/ ^'r- (50mMU >m:^j U ^i^AA-/ :7 
r-(pH7.0), 5mMEDTA. 300mM KCl) TW^t:b;^cy;i'M:^J ^ A (Superdex 30; 
Pharmacia) fciTy^^ bTto 

M*^Mtt^feJe)f:i. ^>A°^®<i:DNA©M^r^50mMU >M:^7 U (pH7. 0) 
, 150mMKClJ;i^^b. ^^;Pi:bfc;^^^-e, iS' >A^7K^^>5r {-DNA^?^fr»n 
-r§ ^: ^fcJ: DIS'^#:^J#SgU/coit>y;i/^10%D20 (v/v) '^'TBmMU >m;i? U 
A(pH6. 9) T^^ifbfco 

10% (v/v) X« lOO^DzO ^^WT^ 5mM U U "^i^/t-/ yy- (pH6. 9) 
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(D 1. 0-1. 5mM (D TRF2-DBD-DNA ^I'&f*^ NMR Umz-m^^^tz.. NMR 303K T 

Bruker DMX-600 :S.tX-800 Ji-rfffoifeo iS' >A°^MO^^©T-y--r > h « 3D 
HN(CO)CA, 3D HNCA. 3D HNCO (Grzesiek. S. & Bax, A. Improved 
three-dimensional triple resonance NMR techniaues applied to a 31 kDa 
protein. J. Magn. Reson. 96, 432-440. (1992a)). 3DHN (CA) CO, 3D CBCANH 
3D CBCA(CO)NH (Grzesiek S and Bax A (1992b) Correlat ing backbone amide 
and side-chain resonances in larger proteins by multiple relayed triple 
resonance NMR. J. Am. Chem. Soc. 114. 6291-6293.) ii^^%tz.. ^yn^m, 
#i^©Tit-r ^> hJ^, 3DHBHA(C0)NH(1992b), 3DHCCH-T0CSY (KayLE, Xu G-Y. 
Singer AU, Muhandiram DR and Forman-Kay JD (1993) A gradient-enhanced 
HCCH-TOCSY experiment for recording side-chain IH and 13C correlations in 
H20 sample of protein. J. Magn. Reson. B. , 101, 333-337.) , 3D HCCH-COSY, 
3D 15N-edited NOESY, 3D 15N-edite TOCSY mM.ii^^%t^. ^a®"®:^ 

aJHNot^'&^^^S 3D. HNHA(Vuister GW and Bax A (1993) 
Quantitative J correlation: a new approach for measuring homonuclear three 
bond J-(HN-Hq!) coupling constants in 15N-enriched protein. J. Am. Chem. 
Soc, 115. 7772-7777. )^i^{;icfc fee 

DNA^nfOTit^ ^ > V'BiJS^=fn^mmm% 2D NOESY. 2D TOCSY. mS 13C 
X^^ 13C/15N filtered pulse scheme 2D DQF-COSY (Ogura K, Terasawa H and 
Inagaki F (1996) An improved double-tuned and isotope-filtered pulse scheme 
based on a pulse field gradient and a wide-band inversion shaped pulse. 
J. Biomol. NMR, 8, 492-498. ) S ttfco ij^^WSgilMPS^. 3D 13C-edi ted (Fl) , 
13C-filtered(F3) NOESY ^i^^iO^^ 3D 15N-edited (F2) , 15N/13C-f iltered (F3) 
NOESY (Ogura K, Terasawa H and Inagaki F (1996) An improved double-tuned 
and isotope-filtered pulse scheme based on a pulse field gradient and a 
wide-band inversion shaped pulse. J. Biomol. NMR. 8, 492-498. ) Sf#;^o 
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f^T® NMRX^ii7 h;i/^ NMRPipe (DelaglioF, Grzesiek S, Vuister GW, Zhu 
G. Pfeifer J and Bax A (1995) NMRPipe: A multidimensional spectral 
processing system based on UNIX PIPES. J. Biomol. NMR, 6, 277-293. ) 
PIPP (Garret DS, Powers R, Gronenborm AM and Clore GM (1991) A common sense 
approach to peak picking in two- tliree- and four-dimentinal spectra using 
automatic computer analysis of contour diagrams. J. Magn. Reson. , 99, 

214-220. ) y:7 ht> -I- y^^viT> mmRz^mmvr:io 

TRF2-DBD (D^a h >^1SgilMI5g« NOESY h;P® ^ DX ti-i^?^^;^^ ^ 

^ 1.8-3.0. 2. 3-4. 0. 2.i-5.0^ZS2.B-6.0:t>^7.hti — M.(D4-z>(Dmmu 

mM(Dmm\t. 3JHNq!<5. 5Hz f::^bT-90° <<i)<-40° > 3JHN Q!>8. 5Hz (C^bT 
-160° <(t><-SO° \Zhr^. ^^^1^ DNA © NOE ^H^n. m^^. 4>fiS> ^Vi, 
im\zm\^^ NOE \zm^^^ 1. 8-3. 0. 2. 3-4. 0. 2. 3-5. 0 2. 3-6. 0 :r>i^X 

ha-A(D4'z>(Dmmu>z^iz^mvr:io ^mi'WiE^±mzMvxmp^vrco 
mk{H(D7m'^^mm^m^^x.m.mti^mm{^rco!^T(D7m'^-^mmz^r^. 
u hv>-'^7v y^mmMmm^ dna ^izmrnvrco gc itSMf:i^bT«. 

rG(Ni)-c{N3) = 2. 95±0. 2 ^>^^X h D-A, rG(M2)-c(02) = 2 . 86 ±0. 2 ^>ifX h D 
-A, :SlD? rG(06).c(N4) = 2. 91±0. 2 :t>i5^Xhn-A. TA i^SM{:i^UT}3:, 
rA(N6)-T(04) = 2. 95 ±0. 2:r>^7'x hn-A, RZS r.^nD-um = 2. 82±0. 2 :t>:^^X 
hn — A (Grpnenborn, A. M. & Clore, G. M. Three-dimentional structure of 
proteins in by nuclear magnetic resonance spectroscopy. Protein Seq Date 
Anal 2, 1-28. (1989) )o Z.(D DNA {CMT^ VifeDn:^^?!^^ V^T, A 

w^mmmkcomj^mrct^muuia = -65±5o° , /s = i8o±5o° . r 
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= 60 + 50° , s = 180 + 50° C = -85±50° ) (Omichinski. J. G. , Pedone. 

P. v.. Felsenfeld, G. , Gronenborn. A. M. SClore, G. M. The solution structure 
of a specific GAGA factor-DNA complex reveals a modular binding mode. Nat. 
Struct. Biol. 4, 122-132. (1997) ; Wojciak, J. M. . Connolly, K. M. & Clubb, 
R. T. NMR structure of the Tn916 integrase-DNA complex. Nat. Struct. Biol. 
6, 366-373. iim)) izVTco izMir ^ WE 0/-^:$^ B m Mk izMMm 

(DtrnWr-^n^ (Wuthrich, K. NMR of Proteins and Nucleic Acids. Wiley. New 
York. (1986). )o 

MW\Z. crystallography and NMR System (CNS; Yale Univers i ty) ^ffl ViT> 

^>/^^M<D^(D 200 moDmm^mmvrco mz. b m dna :^zsm-^Lrc 200 

m<D hTRF2-DBD 50^^X^-hLT, ±X(D NOE ^fflV^T hTRF2-DNA ^-^-(^©^ 
simulated annealing protocols it#bfeo B m DNA ©SHlnJT^ 

i^M-^-^B 5Q:t>^::^ha-Amnrc&mizmmhr:io 2oom<Dmm(D 

hTRF2-DNA m-^i^-^mW $nfco Z. ti <^ (D ■o t> . 52 M/O^^ffEilMKS/^)^^ 0. 3 :t>^ 

j^^iz^m<DmmB^ 20 MM/vrd. 

affinity Biacore3000 ^® ^ffi V^rff oTto T^Tommit 293K T 

lOmM HEPES-KOH, 3mM EDTA. 180mM KCl 0. 003% Triton X-100 (v/v) (pH6. 8) 

®:7n— tr;V^t: :^ 5^ >'fb$nfe 13mer O:^ U rf^ ^7 1/5^5^ h Lfeo 

^yz-^^Mt DNA®Sj;6:5j>tip^>ft;t-§^T. i$'>A°i7»^ 3-5^m^^nx 10m 
L/^^®^?lTy n— k;]/^caALfcc 2M KCl X 20 m^mmT^ ^ ^IzJ^V) . 
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BIAevalution ver. 3. 2^fflVi, ^(Dmfa^y^—^^^^Vrco 
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2om(DjRf2m-^it(om^t25moiRF2<omm:<Dmtm 



m^p^ (i-j=o) 
i&mm (ii-ji<5) 

mm 



C3 nT 



NOE(A) 
^S(deg.) 

S^^ft (deg.) 



218 
573 
231 
1022 
38 



131 
162 
4 
297 

93 

1450 
<SA> 



(4,70±0.70)xl0-3 
(1.93 ±1. 18) X 10-2 

(1.10±0.05)xi0-3 
(2.85±0.04)xl0-i 
(1.60±0.07)xl0-» 



196 
511 
203 
910 
41 



<SA> 



(2.16±0.04)xi0-3 
(9.83 ±3.46) X 10-2 

(1.26±0.03)xl0-3 
(4.58+0.01) X 10-1 
(3.35±0.03)xiO-i 



^^W:^ (447-496) (l-ll(3'-13')) 

^ y/i^ (450-496) 

jM'i'mmizMir^^m-mmm (A) 

mm 

PROCHEK K^>3^P*;/ H (%] 



0.43 ±0.09/0.81 ±0.08 
0.43±0.14/0.38±0.13 
0.51 ±0.1 1/0.68±0.09 

83.5 
15.5 
0.9 
0.0 



0.34±0.05/0.82±0.06 



84.5 
13.9 
1.6 
0.0 
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u ^^rzLMBii/vDN At<Dm^^mm^'t(Dmm'^m^'^n. trf 2 ®d 



<mmm^ 1 > 

iH^iI#-^ 1 if^MhTRF2-DBD©DNAi2^(I^^To 
<BB^J#-^2> 

<ia^ii#-^3> 

mmmn 3 lit. K447R <D DNA SS^J ^ ^fo 

<ia?ij#^4> 
mmmn 4 k447r o t 5 y mia^j & ^-r o 

<@H^iJ#-^ 5 > 

@H^iJ#-^ 5 A47 IS (D DNA IBM ^^l" o 

<i3m-^6> 
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6 tt. ^Mf* Mils 07 mm^i ^^To 

mmm^ 7 A484S © DNA IBM ^ 

<iB^!J#-^9> 

<mmm^ 1 0 > . 

S3^J#-^10«. ^M#R496K©T^ymBa^J^^To 
<iH^J#^ 1 1 > 

IH^iJ*-^ 1 1 it. ^mi^ m (D DNA mm^^To 
<BB^J#-^1 2> 

i2?!J#-^ 1 2 tt> am © T 5 y MIH^iJ ^ o 

<@H^J#-^ 1 3 > - 

@B^(J#-^ 1 3 dm (D DNA IB^iJ ^ o 

<i3^J#-^l 4> 

SB^(I#-^ 1 4 dm CD T 5 y ^IH^J ^ ^fo 

<i3^0#^ 1 5 > 

mmmn i s m^mhim^mmm^^'ro 

<iB^J#^ 1 6 > 

@a^j#-^ 1 6 m^m him y msB^j^^fo 

<@B^JS-^ 1 7 > 

ia^J#-^l 7\t. — ae.ii•^DNA"e^^trl3©— ::^®iI®DNAiB^J^^'ro 
<iB^J#-^ 1 8 > 

SB^|J#-^1 8\t. — M&i±^DNAT2b§trl3©ffi:;5-©ii<DDNAi2^J^^To 
<iBM#-^ 1 9 > 
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mmm^ i9\t. ^^u^r dna (D^m^i:$>^ t3g © dna mh^ij^^To 
<mmmn 2 o > 

ia^ij#-^ 2 0 5^n^ T DNA (Dmm^'V$>^ G7C (D DNASH^iJ^^To 
<E^J»-^ 2 1 > 

iH^J#-^ 2 1 \t. y^Uy^r DNA T9G (D DNA IB^iJ^^To 

<IB^!J#-^2 2> 

@B^J#-^2 2«. TRF2-DBD§|5f4(D 5' V— ©BB^J^^To 

<iB^!l#-^ 2 3 > . 

aa^J##2 3«. TRF2-DBDgP^©3' McDT'^-r V-®iH^J^^To 
<S3^J#-^2 4> ' 

SH^(J#-^2 4^3:.TRF2-DBD^M#:A471S^{4<Z)5' #I<59y^-r V-ODBB^J^^To 
<iB^J#-^2 5> 

2 5 TRF2-DBD A471S 3 ' fflcoy ^-T -^-©i2^!l ^^To 

<E^J#^ 2 6 > 

iH^iJ#^2 6tt,TRF2-DBD^S#:A483Sg|5j4(D 5' m(Dy°^^ ^-(Dmm^^To 
<ia^J#-^2 7> 

iB^J#-^2 7«,TRF2-DBD^M#:A483S^f|5fi©3' MoDr/^-T V— (DiH^iJ^^To 
<SH^J»-^2 8> 

ia^J#-^2 8«.TRF2-DBD^^#:K447R§|5'f4(D5' M^T'^-T V-ODiB^J^^^-To 

<S3^iJ#-^ 2 9 > 

@B^J#-^2 9«.TRF2-DBD^M#:R496K§|5f4® 3' iijoy^-f -^-OlB^J^^-To 
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■ m ^ (D m m 

1 . W.yco (a) (b) ©TR F 2 DNAM-^ \^ ^-i >^mi^^ MXU 

^> «msu< ^3:f^SD$nrcT5 ymsH^j^^u. 50^-^5' -ttaggg-3' 

2 . ia) (Di^>/X^m^^&.y(D (ia) — (Yia) ® ViTn:^^©^^^ >A°i7KT^^it 

1 lam® T R f 2 d n am-^ f y y^mw^ >n^v.y.n^<Di^. 
(ia)iB^j#-^2 (Dr^/mum\-c^\^^x. 10 {4® u i^>55^e)T;v^n>^(Z)« 

(iia) unm^ 2 (D7 J mMm\z.^\^x ^(or :=.>i)-^ ^^^) >^©em 

:^^*75: ^ nr § T ^ y miH^j^Wf ^ i?^ > A ^7 ^ 

(iiia)@a^!J#^2 ODT^ y ^SB^iJ^c^sv^T. 47 -la® T ^::i>yi?^ S-fe U >^®S 

m:^^ $ nx ;g) T 5 y Mi2?!i ^ ^ > A- M 

(iva)Ba^J#-^2 y ^iH^iJf^43ViT, 59 14® T;k^ " >;0^ U >'>^(Dtt 

^jo^YcK $ nr § T 5 y ^@B^j ^ ^ > A M 

(va) mmm^ 2 © t ^ y miB^jfc:^ v^t, 10 ^4® u >'>/ei> t;i/^:=:>^<dm 
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(viia)@B^J#-^2 y^iH^Jf;i:feViT, 34 -fScDT ^::::>;6^ e>>fe: U >^©e 

6. WA|t:^3 |3«(DDNAT?^Kfemb;^ci©^^:©«L.. ±§«%y^^ T R F 
2DNA$§'&Fy-r >^S#:i5^>A°^K^S^r^il<h^-^tfTRF 2DNA 

7 . mi^M 1 tH«(OTRF 2 DNAM-^ H^-f >^M#:i5'>Ai^KXt^^<D 

8 . it5l^:S 1 fBm(DTRF 2 DNA^-a- F ^ -f >^M'f*^ > A ^ W ^^ti* :57 

10. iB^iJ#-^l 7 ©:^SSH^J(C*5ViT, 3#S<D T)&^e) G^®»m> 7#@ 
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1 1. i^T© (ib) ~ (iiib) (DViTn;^^®DNAT25§ii^:S 1 OIB^ODN 
A„ 

(ib) mmm^i 7 (Dm.mm^^iiz^\,^x. 3#@©T;o^e. G^©Mm/O^Yd:$nT 
(lib) mmmm 7 (Dm.mMmiz^^^x. 7#@® G?&^e> c-s®«m:!^>^Vd;$n 

T § :^XiB^J ^ -5 D N A 

(iiib) iB^J#^l 7 ®itSiB^JfC:feV^T. 9 mB<D 1 G ^(DUm-^^t^-^n 
T § i^SlH^'J ^ ^ D N A 

1 2. i2^J#-^2(DT5yM@a^J^W-r§TRF 2DNA^'&Hp^-r >Xtl 

13. 5' -TTAGGG-3' tl^Sa^J^^t^-fi e>ii-A.D N A(D#ffiT"r. 

ia^fJ#-^2 ©T5 ymiH^fJ^WT^TRF 2 DNAlg-^ F^-T >X^^M H;><'f 

59 {4(DT;V^:::>/0^e>75:§S^J; DigK$n^iI>/^< 1 c»©T ^ / M^UfiT. 
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SEQUENCE LISTING 



<110> Klhara Memorial Yokohama Foundation for the Advancement of Life 
Sciences 

City of Yokohama 

<120> TRF2 DNA-binding domain" mutant proteins, telomeric DNA mutants, 
and use of a structure of a complex between a TRF2 DNA binding domain and 
a double-stranded DNA molecule 

<130> FP-047PCT 

<140> 
<141> 

<150> JP P2004-046238 

<151> 2004-02-23 

<16p> 29 

<170> Patent In version 3. 1 

<210> 1 . 

<211> 189 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 
<222> (1).. (189) 
<223> 

<400> 1 

gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 48 

Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin Lys Trp Thr Val Glu 

15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 96 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg get gee att tct aaa aat tac eca ttt gtt aac ega aca get gtg 144 
Trp Ala Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 



35 



40 



45 



atg att aag gat cgc 
Met lie Lys Asp Arg 
50 



tgg egg acc atg aaa aga ctt ggc atg aac 
Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
55 60 



189 



<210> 2 
<211> 63 
<212> PRT 



<213> Homo sapiens 



1/16 



wo 2005/086595 



PCT/JP2005/003237 



<400> 2 

Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

Trp Ala Ala Me Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

Met lie Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 

<210> 3 

<211> 189 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<220> 
<221> CDS 
<222> (1).. (189) 
<223> 

<400> 3 

gaa gac agt aca acc aat ata aca aaa agg cag aag tgg act gta gaa 48 
Glu Asp Ser Thr Thr Asn lie Thr Lys Arg Gin Lys Trp Thr Val Glu 
15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 96 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg get gee att tct aaa aat tae cea ttt gtt aac ega aca get gtg 144 
Trp Ala Ala Me Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

atg att aag gat cgc tgg egg acc atg aaa aga ctt ggc atg aac 189 
Met Me Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 

<210> 4 

<211> 63 

<212> PRT 

<213> Artificial 
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<220> 

<223> synthetic DNA 
<400> 4 

Glu Asp Ser Thr Thr Asn Me Thr Lys Arg Gin Lys frp Thr Val Glu 
15 10 15 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

Trp Ala Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 



55 60 



50 




<210> 


5 


<211> 


189 


<212> 


DNA 


<213> 


Artificial 


<22D> 




<223> 


synthetic DNA 


<220> 




<221> 


CDS 


<222> 


(1).. (189) 


<223> 




<400> 


5 



gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 48 
Glu Asp Ser Thr Thr Asn Me Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 96 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg tct gcc att tct aaa aat tac cca ttt gtt aac cga aca get gtg 144 
Trp Ser Ala Me Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

atg att aag gat cgc tgg egg ace atg aaa aga ctt ggc atg aac 189 
Met Me Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 6 
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<211> 63 
<212> PRT 
<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 6 

Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

Trp Ser Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

Met Me Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 

<210> 7 

<211> 189 

<212> DMA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<220> 
<221> CDS 
<222> (1).. (189) 
<223> 

<400> 7 

gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 48 

Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin Lys Trp Thr Val Glu 

15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 96 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg get gcc att tct aaa aat tac cca ttt gtt aac cga aca tct gtg 144 
Trp Ala Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 

atg att aag gat cgc tgg egg acc atg aaa aga ctt ggc atg aac 189 
Met He Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 
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<210> 8 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 8 

Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

Trp Ala Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 

Met lie Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 

<210> 9 

<211> 189 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<220> 

<221> CDS 
<222> (1).. (189) 
<223> 

<400> 9 

gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 48 

Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin Lys Trp Thr Val Glu 

15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 96 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

tgg get gcc att tct aaa aat tac cca ttt gtt aac cga aca get gtg 144 
Trp Ala Ala Me Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 
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atg att aag gat cgc tgg egg acc atg aaa aag ctt ggc atg aac 189 
Met Me Lys Asp Arg Trp Arg Thr Met Lys Lys Leu Gly Met Asn 
50 55 60 

<210> 10 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 10 

Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin Lys Trp Thr Val Glu 
1 5 -10 15 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

Trp Ala Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ala Val 
35 40 45 

Met lie Lys Asp Arg Trp Arg Thr Met Lys Lys Leu Gly Met Asn 
50 55 60 

<210> 11 

<211> 189 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<220> 
<221> CDS 
<222> (1).. (189) 
<223> 

<400> 11 

gaa gac agt aca acc aat ata aca aaa agg cag aag tgg act gta gaa 48 

Glu Asp Ser Thr Thr Asn Me Thr Lys Arg Gin Lys Trp Thr Val Glu 

15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 96 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 

20 25 30 . 

tgg tct gee att tet aaa aat tac cca ttt gtt aac cga aca tct gtg 144 
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Trp Ser Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 

atg att aag gat cgc tgg egg acc atg aaa aag ctt ggc atg aac 189 
Met He Lys Asp Arg Trp Arg Thr Met Lys Lys Leu Gly Met Asn 
50 55 . 60 

<210> 12 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 12 

Glu Asp Ser Thr Thr Asn lie Thr Lys Arg Gin Lys Trp Thr Val Glu 
15 10 15 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

Trp Ser Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 

Met lie Lys Asp Arg Trp Arg Thr Met Lys Lys Leu Gly Met Asn 
50 55 60 



<210> 


13 


<211> 


189 


<212> 


DNA 


<213> 


Artificial 


<220> 




<223> 


synthetic DNA 


<220> 




<221> 


CDS 


<222> 


(1).. (189) 


<223> 




<400> 


13 



gaa gac agt aca acc aat ata aca aaa aag cag aag tgg act gta gaa 48 
Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin Lys Trp Thr Val Glu 
15 10 15 

gaa age gag tgg gtc aag get gga gtg cag aaa tat ggg gaa gga aac 96 
Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 

7/16 



wo 2005/086595 



PCT/JP2005/003237 



20 25 30 

tgg tct gcc att tct aaa aat tac cca ttt gtt aac cga aca tct gtg 144 
Trp Ser Ala lie Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 

atg att aag gat cgc tgg egg acc atg aaa aga ctt ggc atg aac 189 
Met lie Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 

<210> 14 

<211> 63 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 14 

Glu Asp Ser Thr Thr Asn Me Thr Lys Lys Gin Lys Trp Thr Val Glu 
1 5 10 . 15 

Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys Tyr Gly Glu Gly Asn 
20 25 30 

Trp Ser Ala He Ser Lys Asn Tyr Pro Phe Val Asn Arg Thr Ser Val 
35 40 45 

Met lie Lys Asp Arg Trp Arg Thr Met Lys Arg Leu Gly Met Asn 
50 55 60 



<210> 15 




<211> 1500 




<212> DNA 




<213> Homo 


sapiens 


<220> 




<221> CDS 




<222> (1).. 


(1500) 


<223> 




<400> 15 




atg gcg gga 


gga ggc 


Met Ala Gly 


Gly Gly 



15 10 15 



48 



agg egg gcg tec cgc agt age ggg egg gcc egg egg ggg cgc cac gag 96 
Arg Arg Ala Ser Arg Ser Ser Gly Arg Ala Arg Arg Gly Arg His Glu 
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20 25 30 - 

ccg ggg ctg ggg ggc ccg gcg gag cgc ggc gcg ggg gag gca egg ctg 144 

Pro Gly Leu Gly Gly Pro Ala Glu Arg Gly Ala Gly Glu Ala Arg Leu 

35 40 45 

gaa gag gca gtc aat cgc tgg gtg etc aag tte tac ttc cae gag gcg 192 

Glu Glu Ala Val Asn Arg Trp Val Leu Lys Phe Tyr Phe His Glu Ala 
50 55 60 

ctg egg gcc ttt egg ggt age egg tae ggg gac ttc aga cag ate egg 240 

Leu Arg Ala Phe Arg Gly Ser Arg Tyr Gly Asp Phe Arg Gin Me Arg 
65 70 75 80 

gac ate atg cag get ttg ett gtc agg cce ttg ggg aag gag cac ace 288 

Asp He Met Gin Ala Leu Leu Val Arg Pro Leu Gly Lys Glu His Thr 
85 90 95 

gtg tee ega ttg ctg egg gtt atg cag tgt ctg teg egg att gaa gaa 336 

Val Ser Arg Leu Leu Arg Val Met Gin Cys Leu Ser Arg lie Glu Glu 
100 105 110 

ggg gaa aat tta gac tgt tec ttt gat atg gag get gag etc aca cca 384 

Gly Glu Asn Leu Asp Cys Ser Phe Asp Met Glu Ala Glu Leu Thr Pro 

115 120 125 

ctg gaa tea get ate aat gtg ctg gag atg att aaa aeg gaa ttt aca 432 

Leu Glu Ser Ala lie Asn Val Leu Glu Met lie Lys Thr Glu Phe Thr 
130 135 140 

ctg aca gaa gca gtg gtc gaa tec agt aga aaa ctg gtc aag gaa get 480 

Leu Thr Glu Ala Val Val Glu Ser Ser Arg Lys Leu Val Lys Glu Ala 
145 150 155 160 

get gtc att att tgt ate aaa aac aaa gaa ttt gaa aag get tea aaa 528 

Ala Val Me Me Cys Me Lys Asn Lys Glu Phe Glu Lys Ala Ser Lys 
165 170 175 

att ttg aaa aaa cat atg tec aag gac cce aca act cag aag ctg aga 576 

lie Leu Lys Lys His Met Ser Lys Asp Pro Thr Thr Gin Lys Leu Arg 
180 185 190 

aat gat etc ctg aat att att cga gaa aag aac ttg gcc cat cet gtt 624 

Asn Asp Leu Leu Asn Me Me Arg Glu Lys Asn Leu Ala His Pro Val 

195 200 205 

ate cag aac ttt tea tat gag ace ttc cag cag aag atg ctg cgc ttc 672 

Me Gin Asn Phe Ser Tyr Glu Thr Phe Gin Gin Lys Met Leu Arg Phe 
210 215 220 

ctg gag age cac ctg gat gac gee gag cce tae etc etc aeg atg gcc 720 

Leu Glu Ser His Leu Asp Asp Ala Glu Pro Tyr Leu Leu Thr Met Ala 
225 230 235 240 
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aaa aag get ttg aaa tct gag tec get gee tea agt aca ggg aag gaa 
Lys Lys Ala Leu Lys Ser Glu Ser Ala Ala Ser Ser Thr Gly Lys Glu 
245 250 255 



768 



gat aaa cag cca gca eca ggg cct gtg gaa aag cca ccc aga gaa cec 816 
Asp Lys Gin Pro Ala Pro Gly Pro Val Glu Lys Pro Pro Arg Glu Pro 
260 265 270 

gca agg cag eta egg aat cct cca ace ace att gga atg atg act ctg 864 
Ala Arg Gin Leu Arg Asn Pro Pro Thr Thr Me Gly Met Met Thr Leu 
275 280 285 

aaa gca get tte aag act ctg tct ggt gca cag gat tct gag gca gcc 912 
Lys Ala Ala Phe Lys Thr Leu Ser Gly Ala Gin Asp Ser Glu Ala Ala 
290 295 300 

ttt gca aaa ctg gae cag aag gat ctg gtt ctt cct act caa get etc 960 
Phe Ala Lys Leu Asp Gin Lys Asp Leu Val Leu Pro Thr Gin Ala Leu 
305 310 315 320 

cca gca tea cca gcc etc aaa aac aag aga ccc aga aaa gat gaa aac 1008 
Pro Ala Ser Pro Ala Leu Lys Asn Lys Arg Pro Arg Lys Asp Glu Asn 
325 330 335 

gaa agt tea gee ccg get gae ggt gag ggt gge teg gaa ctg cag ccc 1056 
Glu Ser Ser Ala Pro Ala Asp Gly Glu Gly Gly Ser Glu Leu Gin Pro 
340 345 350 

aag aac aag cgc atg aca ata age aga ttg gtc ttg gag gag gae age 1104 
Lys Asn Lys Arg Met Thr Me Ser Arg Leu Val Leu Glu Glu Asp Ser 
355 360 365 

cag agt act gag cec age gca gge etc aac tec tee cag gag gee get 1152 
Gin Ser Thr Glu Pro Ser Ala Gly Leu Asn Ser Ser Gin Glu Ala Ala 
370 375 380 

tea gcg cca cca tec aag ccc ace gtt etc aac caa ccc etc eet gga 1200 
Ser Ala Pro Pro Ser Lys Pro Thr Val Leu Asn Gin Pro Leu Pro Gly 
385 390 395 400 

gag aag aat ccc aaa gta ccc aaa gge aag tgg aac age tct aat ggg 1248 
Glu Lys Asn Pro Lys Val Pro Lys Gly Lys Trp Asn Ser Ser Asn Gly 
405 410 415 

gtt gaa gaa aag gag act tgg gtg gaa gag gat gaa etg ttt caa gtt 1296 
Val. Glu Glu Lys Glu Thr Trp Val Glu Glu Asp Glu Leu Phe Gin Val 
420 425 430 

cag gca gca eca gat gaa gae agt aca ace aat ata aca aaa aag cag 1344 
Gin Ala Ala Pro Asp Glu Asp Ser Thr Thr Asn Me Thr Lys Lys Gin 
435 440 445 

aag tgg act gta gaa gaa age gag tgg gtc aag get gga gtg cag aaa 1392 
Lys Trp Thr Val Glu Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys 
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450 



455 



460 



tat ggg gaa gga aac tgg get gcc att tct aaa aat tac cca ttt gtt 
Tyr Gly Glu Gly Asn Trp Ala Ala lie Ser Lys Asn Tyr Pro Phe Val 
465 470 475 480 

aac cga aca get gtg atg att aag gat cgc tgg egg aee atg aaa aga 
Asn Arg Thr Ala Val Met Me Lys Asp Arg Trp Arg Thr Met Lys Arg 
485 490 495 

ett ggc atg aac 
Leu Gly Met Asn 



<210> 16 

<211> 500 

<212> PRT 

<213> Homo sapiens 

<400> 16 

Met Ala Gly Gly Gly Gly Ser Ser Asp Gly Ser Gly Arg Ala Ala Gly 
15 10 15 



Arg Arg Ala Ser Arg Ser Ser Gly Arg Ala Arg Arg Gly Arg His Glu 
20 25 30 



Pro Gly Leu Gly Gly Pro Ala Glu Arg Gly Ala Gly Glu Ala Arg Leu 
35 40 45 



Glu Glu Ala Val Asn Arg Trp Val Leu Lys Phe Tyr Phe His Glu Ala 
50 55 60 



Leu Arg Ala Phe Arg Gly Ser Arg Tyr Gly Asp Phe Arg Gin lie Arg 
65 70 75 80 



Asp lie Met Gin Ala Leu Leu Val Arg Pro Leu Gly Lys Glu His Thr 
85 90 95 



Val Ser Arg Leu Leu Arg Val Met Gin Cys Leu Ser Arg lie Glu Glu 
100 105 110 



Gly Glu Asn Leu Asp Cys Ser Phe Asp Met Glu Ala Glu Leu Thr Pro 



1440 
1488 
1500 



500 



115 



120 



125 



11/16 



wo 2005/086595 PCT/JP2005/003237 



Leu Glu Ser Ala lie Asn Val Leu Glu Met Me Lys Thr Glu Phe Thr 
130 135 140 



Leu Thr Glu Ala Val Val Glu Ser Ser Arg Lys Leu Val Lys Glu Ala 

145 150 155 160 

Ala Val lie lie Cys Me Lys Asn Lys Glu Phe Glu Lys Ala Ser Lys 

165 170 175 

Me Leu Lys Lys His Met Ser Lys Asp Pro Thr Thr Gin Lys Leu Arg 

180 185 190 



Asn Asp Leu Leu Asn lie Me Arg Glu Lys Asn Leu Ala His Pro Val 
195 200 205 



lie Gin Asn Phe Ser Tyr Glu Thr Phe Gin Gin Lys Met Leu Arg Phe 
210 215 220 



Leu Glu Ser His Leu Asp Asp Ala Glu Pro Tyr Leu Leu Thr Met Ala 
225 230 235 240 

Lys Lys Ala Leu Lys Ser Glu Ser Ala Ala Ser Ser Thr Gly Lys Glu 
245 250 255 

Asp Lys Gin Pro Ala Pro Gly Pro Val Glu Lys Pro Pro Arg Glu Pro 
260 265 270 

Ala Arg Gin Leu Arg Asn Pro Pro Thr Thr Me Gly Met Met Thr Leu 
275 280 285 



Lys Ala Ala Phe Lys Thr Leu Ser Gly Ala Gin Asp Ser Glu Ala Ala 
290 295 300 



Phe Ala Lys Leu Asp Gin Lys Asp Leu Val Leu Pro Thr Gin Ala Leu 
305 310 315 320 

Pro Ala Ser Pro Ala Leu Lys Asn Lys Arg Pro Arg Lys Asp Glu Asn 
325 330 335 

Glu Ser Ser Ala Pro Ala Asp Gly Glu Gly Gly Ser Glu Leu Gin Pro 
340 345 350 
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Lys Asn Lys Arg Met Thr He Ser Arg Leu Val Leu Glu Glu Asp Ser 
355 360 365 

Gin Ser Thr Glu Pro Ser Ala Gly Leu Asn Ser Ser Gin Glu Ala Ala 
370 375 380 

Ser Ala Pro Pro Ser Lys Pro Thr Val Leu Asn Gin Pro Leu Pro Gly 
385 390 395 400 

Glu Lys Asn Pro Lys Val Pro Lys Gly Lys Trp Asn Ser Ser Asn Gly 
405 410 415 

Val Glu Glu Lys Glu Thr Trp Val Glu Glu Asp Glu Leu Phe Gin Val 
420 425 430 

Gin Ala Ala Pro Asp Glu Asp Ser Thr Thr Asn lie Thr Lys Lys Gin 
435 440 445 

Lys Trp Thr Val Glu Glu Ser Glu Trp Val Lys Ala Gly Val Gin Lys 
450 455 460 

Tyr Gly Glu Gly Asn Trp Ala Ala Me Ser Lys Asn Tyr Pro Phe Val 
465 470 475 480 

Asn Arg Thr Ala Val Met lie Lys Asp Arg Trp Arg Thr Met Lys Arg 
485 490 495 

Leu Gly Met Asn 
500 

<210> 17 
<211> 13 
<212> DNA 
<213> Artificial 

<220> 

<223> synthetic DNA 
<400> 17 

gttagggtta ggg 13 
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<210> 18 

<211> 13 

<212> DMA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 18 
ccctaaccct aac 



<210> 19 

<211> 13 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 19 
gtgagggtta ggg 



<210> 20 

<211> 13 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 20 
gttaggctta ggg 



<210> 21 

<211> 13 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 21 
gttagggtga ggg 



<21G> 22 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 



13 



13 



13 
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<223> synthetic DNA 
<400> 22 

ggtctcgcat atggaagaca gtacaaccaa tataac 



<210> 23 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 23 

gcgggaattc tcagttcatg ccaagtcttt tc 



<210> 24 

<211> 27 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 24 

ggaaactggt ctgccatttc taaaaat 



<210> 25 

<211> 27 . 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 25 

agaaatggca gaccagtttc cttcccc 



<210> 26 

<211> 27 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 26 

aaccgaacat ctgtgatgat taaggat 
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36 



32 



27 



27 
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<210> 27 

<211> 27 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 27 

aatcatcaca gatgttcggt taacaaa 27 

<210> 28 

<211> 52 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 28 

ggtctcgcat atggaagaca gtacaaccaa tataacaaaa aggcagaagt gg 52 

<210> 29 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic DNA 

<400> 29 

ggaattctca gttcatgcca agttttttca tggtccg 37 
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